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ABSTRACT 

Eighth-grade students (n=42) were observed during 
five different life science problem-solving activities, student 
interactions and thinking skillw were recorded in relation to the 
problem-solving steps. A causal model was hypothesized and tested 
using path analysis procedures. The hypothesized causal model was 
adjusted based on path coefficients of p .1. The final causal model 
indicated that the problem solvinc, steps had a greater influence on 
the use of thinking skills than student interactions, with data 
analysis influencing student interactions and thinking skills havj.ng 
the greatest. However, student interactions fostered the use of 
thinking skills to solve problems that otherwise may not have been 
used. Student interactions appeared not to enhance the variety of 
thinking skills that all students used during problem solving. 
Students used focusing, analyzing, and evaluating skills during 
problem identification/refinement. Students may have failed to plan 
sufficiently to solve their problems and to evaluate their thinking 
data collecting procedures by not using appropriate thinking skills. 
During data analysis students incorporated scientific knowledge into 
their explanations and evaluated their analysis process and 
conclusions. (KR) 
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Ralfttionshlps Aaong Problui Solving, 
Studant Zntarftctlons, and Thinking Skills 



Introduction 

Tho study of thinking has oantarad on apaolf Ic tasks 
and not broadar oapabllltlas (thinking skills), and thus has 
not laad to significant advancas In thaoratlcal or aaplrloal 
undarstandlng of thinking skills (Graano, 1989). Graano 
(1989) furthar atraaaad that thinking rasaareh auat axpand 
to Includa **altuatad cognition**; that la, that thinking Is 
altuatad In a phyaloal and aoclal eontaxt. Nhlla Raanlok 
(1987) haa atatad tha laportanca of atudant Intaractlons In 
tha davalopaant of thinking akllla, raaaarch on tha 
Influanca of atudant Intaractlona on thinking akllla Is 
sparsa. Thara Is alao a lack of practical **claaarooB** 
Invaatlgatlona of tha ralatlonshlp aaong problaa aolvlng, 
atudant Intaractlona, and thinking akllla. Thua, a major 
contribution of aclanca aducators would Involva tha study of 
atudants In thalr natural anvlronaants solving practical 
problaas (Garratt, 1986). 

Problam Stafnant 

Bacauaa of tha llaltad anplrlcal data on tha 
ralatlonahlps among problaa solving, studant Intaractlons, 
and thinking skills, a naad axlsta to Idantlfy auch 
ralatlonahlpa. Thua, tha algnlflcanca of this study llaa In 
Ita Invaatlgatlon of atudants In thalr natural anvlronaant 
aolvlng practical problans In a social eontaxt. Tha 
apaclflc raaaarch quaatlon was: 

What ralatlonshlps axlst anong problaa aolvlng, 
student Intaractlons, and thinking skills. 



Method 

students (li"42) In elgth-grade life science were 
observed In five different SSCS problem solving activities 
throughout the academic year. Students were obaarvad for 
their Interactions (student and teacher), thinking akllls 
exhibited, and the problem solving phaae. For a deacrlptlon 
of SSCS see Plzzlnl, Shepardson, and Abell (1989); and aee 
Shepardson (1991) for a description of the varlablea. Data 
analyals utilized a multiple regresalon approach known as 
path analysis, which Is a method for studying the direct and 
Indirect effects of variables hypothesized as causes of 
variables treated as effects (Pedl:azur, 1982). Figure 1 
depicts the hypothesized causal model. 
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Results 

The descriptive statistics are provide in Table 1. 
Table 2 provides a sunnary of the path coefficients and 
their level of significance. The final causal aodel, based 
on path coefficients of s < •!» is illustrated in Figure 2. 



Discussion 

The descriptive statistics inply that half of the 
students failed to actively engage in all aspects of problen 
solving or use a variety of thinking skills to solve 
problens. It appears that nost students engaged in the data 
collecting phase and exhibited infomation gathering skills. 
Half of the students did not exhibit focusing, reneabering , 
generating, integrating, or evaluating skills. The results 
suggest that nost students did not exhibit higher order 
thinking. For the nost part, those students who engaged in 
problem solving and used thinking skills did so in Isolation 
of other students or the teacher. 

For those students who engaged in problen solving and 
exhibited the use of thinking skills, the problen solving 
phase had a greater influence on their use of thinking 
skills than student-student interactions or teacher-student 
interactions. However, student-student interactions did 
foster the use of thinking skills that otherwise nay not 
have been utilized. Yet, student-student or teacher-student 
interactions did not result in the use of a variety of 
thinking skills, and tended to enphasize lower level 
thinking skills (focusing and infomation gathering). There 
nay also be a "rninic" relationship between student-student 
and teacher-student interactions in that Jsoth display a 
positive relationship with focusing and integrating skills. 
However, the evidence is inconclusive. These findings nay 
suggest that if student interactions are to enhance the use 
of thinking skills by students, students nust be exposed to 
the use of thinking skills during problem solving. That is, 
the use of thinking skills must be nade explicit in the 
context of solving the problen. Students nust b aware of 
and in control of their use of thinking skills (Jvnes, 
Palincsar, Ogle, & Carr, 1987). 

The dismal engagement of st idents in problem solving 
and the use of a variety of thinking skills, raises several 
important questions concerning the development of student 
thinking abilities through problem solving instruction in 
science. Specifically: 

1. Why didn't students engage in problem solving? 
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2. What factors Influaneod tha liaitad uaa of 
thinking skllla by studanta? 

4. Nhy didn't atudant-atudant intaraetiona hava a 
graatar Inf luanoa on tha uaa of thinking akilla? 

4. How sight taaehar-studant Intaraetiona inf luanoa 
tha thinking akilla uaad by atudanta? 

Answars to thaaa quaatlons, at thla tlaa, ara pura 

spaculatlon, but provlda food for thought, and g*i\ldanoa for 
futura raaaarch. Tha spaculatlons praaantad balov ara not 
rankad in any spaclflc ordar of slgnlf Icanoa: 

1. Tha novalty and atructura of tha problaas 
Identiflad Influancad studant angagasant and uaa 

of thinking skills; 

2. Students lackad an interest and desire to engage 
in problen solving; 

3. Lack of doaain specific knowledge inhibited 
student engageaent in problem solving and the use 
of thinking skills; 

4. Student prior knowledge and ideas were 
insufficient or inappropriate to the probleas, 
thue restricting their engageaent and uaa of 
thinking skills; 

5. Students lacked prior experience in solving 
probleas, thus inhibiting their problea solving 
engagement and use of thinking skllla; 

6. Students lacked prior knowledge, experience, and 
awareness of thinking skills. Thus, lacked the 
ability to use thinking skills to solve problems; 

7. Those students who failed to engage in problem 
solving and the use of thinking skills lacked the 
cognitive ability to do so; and 

8. Those students who did not engage in problem 
solving did not find the problem to be a 
"problem" . 
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Plgur« 1 
Th« HypothMii^d Causal Modal 
Daplctlng tha Ralatlonahlpa Batwaan 
Problan Solving Phaia, Studant Intaractlona, and 

Thinking Skills 




Tabltt 1 

Tiptive statistics for Each Variable 
Based on Percentages Per-student 



Viriable 


Mean 


SH 


Problem Finding/Refining 


0.04 


0.11 


Research Designing 


0.06 


0.11 


Data Collecting 


0.59 


0.37 


Data Analyzing 


0.08 


0.17 


Evaluating 


0.01 


0.02 


Student-Student Interactions 


0.35 


0.28 


Teacher-Student Interactions 


0.15 


0.20 


Self Interaction 


0.58 


0.21 


Focusing Skills 


0.04 


0.06 



Information Gathering Skills 

Remembering Skills 
Organizing Skills 
Analyzing Skills 
Generating Skills 
Integrating Skills 
Evaluating Skills 



0.33 0.21 

0.01 0.01 

0.07 0.10 

0.05 0.08 

0.01 0.01 

0.03 0.07 

0.01 0.02 



Mfidigji 

0.00 

0.00 

0.70 

0.00 

0.00 

0.31 

0.09 

0.63 

0.00 

0.34 

0.00 
0.02 
0.01 
0.00 
0.00 
0.00 



&AJlg£ 

0.00-0.50 
0.00-0.50 
0.00-1.00 
0.00-0.8(S 
0.00-0.11 
0.00-1.00 
0.00-0.75 
0.12-0.98 
0.00-0.21 
0.01-0.79 
0.00-0.04 
0.00-0.44 
0.00-0.28 
0.00-0.07 
0.00-0.27 
0.00-0.09 
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Table 2 

Summary of Path Co«ffiol«nt8 (Betas) 
and Laval of Slgnlf Icanca 



Pith Tq 

ST-ST Intertctions 



TH-ST Interactions 



Self Interaction 



Focusing Skills 



Path From 

Problem Finding 
Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 

Problem Finding 
Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 

Problem Finding 
Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 

Problem Finding 
Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 
ST-ST Interactions 
TH-ST Interactions 
Self Interaction 

Problem Finding 
Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 
ST-ST Interactions 
TH-ST Interactions 
Self Interaction 



Remembering Skills Problem Finding 

Research Designing 
Data Collecting 
Data Analyzing 
Evaluating 
ST-ST Interactions 
TH-ST Interactions 
Self Interaction 



IniiiiLfifiiL p Value 



Final Beta 



Information 
Gathering Skills 



.022 


.440 


NA 


-.085 


.280 


NA 


••U 14 


A£.A 
.404 


NA 


At A 


.002 


.427"' 


• 102 


^A^ 

.203 


NA 


.2 IB 


A#0 

•089 


.299' 


.109 


.147 


NA 


*.332 


A^ C 

.023 


-.370" 


-.241 


.050 


■.273»» 


-.181 


.090 


-.206* 


-.223 


A^^ 

.073 


^Att# 

-.298' 


-.021 


AAA 

.444 


NA 


• 180 


.1 16 


NA 


-.209 


A^ C 

.065 


•.259' 


.031 


^A^ 

.343 


Wt A 

NA 


-.215 


.098 


-.234* 


.285 


.043 


.301»* 


.348 


t026 


•297" 


net 


.303 


NA 


.094 


^A^ 

.247 


Kf A 

NA 


.oU / 


Al 1 

.031 


A 1 ft## 

.418^^ 


.055 


.Ul 5 


KAA^^ 

.344^^^ 


.455 


1 ft^ 

tl54 


Kl A 
IN A 


*. 1 U 1 


.Z4 / 


Kl A 
IN A 


.032 


.409 


NA 


-.176 


.124 


NA 


-.217 


.066 


..169* 


-.204 


.043 


-.180»* 


-.609 


.049 


-.399»* 


-.005 


.494 


NA 


-.395 


.176 


NA 


-.095 


.248 


NA 


.164 


.119 


NA 


.193 


.101 


NA 


.251 


.040 


.096»» 


.053 


.322 


NA 


.035 


.461 


NA 


.251 


.235 


NA 


.223 


.298 


NA 
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Tftble > Continued 



Orgtnizing Skills 



Analyzing Skills 



Generating Skills 



Integrating Skills 



Evaluating Skills 



Problem Finding 


.086 


.313 


NA 

a^ 


Research Designing 


-.166 


.170 


NA 


Data Collecting 


.192 


.156 


NA 


Data Analyzing 


.274 


.064 


.221* 


Evaluating 


.280 


.031 


.236** 


ST**ST Interactions 


.245 


.293 


NA 


TH-ST Interactions 


.281 


.259 


NA 


Self Interaction 


.324 


.271 


NA 


Problem Finding 


-.235 


.062 


• 177^ 


Research Designing 


.160 


.142 


NA 


Data Collecting 


.087 


.296 


NA 


Data Analyzing 


-.225 


.072 


..160* 


Evaluating 


.100 


.211 


NA 


ST-ST Interactions 


.358 


.178 


NA 


TH-ST Interactions 


.092 


.402 


NA 


Self Interactions 


.087 


.424 


NA 


Problem Finding 


-.234 


.129 


NA 


Research Designing 


.229 


132 


NA 

4^ r\ 


Data Collecting 


321 


077 




Data Analyzing 


-.073 


.363 


NA 


Evaluating 


.051 


.384 


NA 


ST-'ST Interactions 


.126 


406 


NA 


TH»ST Interactions 


.154 


.381 


NA 


Self Interaction 


-.097 


.438 


NA 


Problem Finding 


.011 


.478 


NA 


Research Designing 


-.029 


.443 


NA 


Data Collecting 


.344 


.059 




Data Analyzing 


-.091 


.327 


NA 


Evaluating 


.049 


.384 


NA 


ST-ST Interactions 


.871 


.049 


.368*» 


TH-ST Interactions 


.729 


.074 


.302* 


Self Interaction 


.572 


.174 


NA 


Problem Finding 


-.105 


.305 


NA 


Research Designing 


.064 


.376 


NA 


Data Collecting 


.256 


.124 


NA 


Data Analyzing 


-.005 


.490 


NA 


Evaluating 


.003 


.494 


NA 


ST-ST Interactions 


-.402 


.223 


NA 


TH-ST Interactions 


-.640 


.106 


NA 


Self Interaction 


-.937 


.030 


-.421*» 



NA-not applicable as initial path coefficient not significant 
♦P<0.1. ••P<0.05. •••P<0.01 
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Sitnirietnt Paths from Problem Solving Phise to Student Interactions 



Problem Finding 



Research Designing 



Data Collecting 



Data Analyzing 



Evaluating 




Student-student 
nteractions 



Self Interaction 



Teacher—student 
Interactions 



Problem Finding 



Research Designing 



Data Collecting 



Significant Paths from Problem Solving Phase to Thinking Skills 

-.234 



Data Analyzing 



Evaluating 



ocusing 



Information 
Gathering 




Integrating 
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Student-Student 
Interactions 



Significant Paths from Student Interactions to Thinking Skills 

.418 



Self Interaction 



Teacher-Student 
Interactions 




Focusing 



Information 
Gathering 



ntegrating 



valuating 



